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ABSTRACT

Akilan, Layla. M.S.I.H.E., Department of Biomedical, Industrial, and Human Factors
Engineering, Wright State University, 2018. Exploring Feedback Modalities Using
Wearable Device for Complex Systems Training Programs.

This study examined the effectiveness of a wearable device in delivering various
feedback modalities in an attempt to improve performance outcomes in complex systems.
Secondarily this study looked at performance when feedback type was matched to
preferred learning style according to VARK Learning Styles Inventory results.
Participants were required to perform system monitoring and correct for system failures
through key presses. Feedback was delivered through a smart watch and was based on
response time performance. Feedback modalities included visual, auditory, and haptic
feedback. Subjective ratings of situation awareness and mental workload were also
examined. Results indicated that auditory feedback condition response times were
significantly slower than response times in other feedback condition with the control
group having the fastest mean response times. Participants who tested as read write
learners were the only learning style group to show higher levels of situation awareness
and decreased mental workload when presented with their preferred instructional style.
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1. BACKGROUND
Wearable devices have the potential to improve performance, increase situation
awareness, and decrease mental workload, (Ziegler et al., 2015). In particular, haptic
feedback has shown promise in being an effective sensory modality to deliver feedback,
(Prewett et al., 2006). Wearable devices may be a promising set of tools which can be
used to enhance training programs in military domains. In this study we examine
different modes of feedback delivered through a smart watch, how they affect
performance, situation awareness, and mental workload in complex systems, and
secondarily we examined the relationship between feedback and preferred learning style
relative to response time performance.
1.1 Understanding Complex Systems in the Military Domain
It has been a longstanding effort by the United States military to support and fund efforts
related to increasing intelligence. According to Noble, (1989), this continued support and
funding can be mapped to practical reasons which include, developing intelligent and
autonomous systems, accelerating instructional efforts and learning outcomes in training,
and amplifying interactions between humans and machines. Exploring ways in which we
can improve training programs in complex systems, has the potential to improve
performance and safety overall for military personnel. These efforts are also necessary in
order to keep up with a quickly evolving technological landscape. Leveraging mobile
devices and the affordances they offer for delivering feedback effectively and efficiently,
may be one way to improve training program outcomes. The following sections will
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outline the meaning of dynamic and complex systems, the importance of situation
awareness and mental workload in terms of performance, and the potential for wearable
devices to deliver meaningful feedback that improve training outcomes. Additionally, a
secondary focus of this study, considering individual differences in learners preferred
learning style, is described in relation to the VARK Learning Style Inventory.
1.2 Dynamic Systems
The nature of dynamic and or complex systems consists of making many decisions within
a small amount of time, requires understanding the state of an environment that is
constantly changing, requires constant and continuous analyses to understand the
environment, and requires the ability to interpret the meaning of the environment relative
to pertinent goals, (Endsley, 1995). Pilots, for example, are expected to understand and
follow standard operating procedures, some of which include; understanding the airspace,
understanding the routes of other aircraft, accounting for sudden changes in airspace and
flight plan, remaining cognizant of weather conditions and fuel levels, and having the
ability to recognize mechanical failures, (Lin & Lu, 2016). All of this is done, while
simultaneously adjusting their understanding of the environment to their goals. Mental
workload can be high in these scenarios and maintaining situation awareness becomes
exponentially more difficult as the complexity and dynamics of the environment
increases. Most accidents in aviation are the result of a lack of Situation Awareness (SA),
(Lin & Lu 2016).
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1.3 Situation Awareness, and Mental Workload
Situation Awareness refers to how one understands their environment and higher levels
of SA have been correlated with improved performance, (Ikuma, Harvey, Taylor &
Handal, 2014). According to Endsley’s “model of situational awareness in dynamic
decision making,” the output of SA is decision-making, (1995, p.35).
Mental Workload (MWL) pertains to the complexity of a task and the mental demand
associated with that task. When the demand of any given task exceeds available resources
related to attention, this can result in reduced effectiveness, decision-making, and
performance, (Lin & Lu 2016). To improve training programs, learning outcomes, and
long-term performance of operators, it is necessary to design meaningful human machine
interactions and feedback for training scenarios, that has the ability to improve an
operator’s understanding of the world without simultaneously adding complexity and
increasing mental demand.
1.4 Feedback
It has been reported that outcomes related to learning are highly moderated by
characteristics specific to individual learners such as motivation and that feedback has
been demonstrated as a strong motivator (Shute, 2008). Feedback assists in scaffolding,
which allows us to engage in higher-level thinking and problem solving where it would
not be possible without such assistance due to lack of experience and knowledge, (Shute,
2008). Immediate and even delayed forms of feedback have shown to improve
performance on learning tasks, (Dobryakova & Tricomi, 2013).
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Control theory tells us that every system has a desired state, a medium in which we can
control the state of the system, and a feedback loop, which allows us to compare the
current state to the desired state, (Carver & Shier, 1990). This control loop involves a
human’s ability to use feedback to correct errors and make changes to the system based
on its desired state, (Norman, 1990). Feedback is an important tool that helps us adjust
our goals and strategies during learning, (Arbel & Wu, 2016).
1.5 Wearable Devices
There is evidence in the literature that suggests that wearable devices that utilize haptic
feedback can improve SA and performance (Wolf & Kuber, 2017). Haptic feedback, has
been found to have a significant effect on human effectiveness, (Prewett et al., 2006).
Smart watches in particular have been shown to improve SA and reduce MWL, through
the use of various kinds of feedback (Ziegler et al., 2015). We believe that feedback
modalities in wearable devices should be explored in an attempt to better understanding
the kind of tools and devices that can be leveraged in order to improve training programs
for dynamic systems.
1.6 Learning Style
For the purpose of this study, learning style refers to the individual differences among
learners pertaining to their preferred mode of instruction, (Pashler, 2009). Meshing theory
states that it is optimal to pair learning style with instructional style because it plays on
the strengths of learners in terms of cognitive ability (Pashler, 2009). The VARK learning
styles inventory, invented by Fleming, closely aligns with Meshing Theory, in that it is
focused on revealing a learner’s preferred method of gathering information during
4

learning through sensory input (Fleming, 1995). VARK stands for Visual, Aural,
Read/write, and Kinesthetic and represents the different types of learners that result from
taking the survey. Visual learners are said to prefer symbolic visual representations, aural
learners are said to prefer auditory modes of instructions, read write learners are reported
as preferring written modes of visual input, while kinesthetic learners prefer mixed
modes of sensory input. A study performed by Leite, Svinicki, & Shi established validity
for the VARK and its ability to predict learning style with a sample size of greater than
15,000 participants, in 2009.
1.7 VARK Learning Style Inventory
The VARK Learning Styles Inventory was chosen for this study. Read write learners
could be provided with written text as visual feedback, aural learners with auditory
feedback, and kinesthetic learners with mixed modal feedback including haptics. This
mapping allowed for us to evaluate whether or not individual differences, such as
preferred learning style, had any effect on performance in the different feedback
conditions.
Overall, we believe that there may be opportunities to improve training programs through
the use of wearable devices such as smart watches. The technology surrounding smart
watches continues to improve and the future looks promising for smart watch
capabilities. We investigated the different modalities offered by smart watches and how
they affect response time performance in a complex system test bed. Secondarily we
attempted to examine individual’s preferred sensory input in relation to feedback
modalities offered by the watch.
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2. RESEARCH OBJECTIVES
The following research objectives were defined in order to draw conclusions about the
different feedback modalities relative to response time performance, situation awareness,
mental workload, and learning styles.
1. How do different feedback modalities, delivered through a wearable device, affect
performance when measured as response time to system failures?
Ho: There is no significant difference between feedback modalities as it pertains
to response time.
H1: There will be a significant difference between feedback modalities as it
pertains to response time.
2. How are subjective ratings of situation awareness and mental workload affected by
different modalities of feedback?
Ho: There is no significant difference between feedback modalities as it pertains
to subjective ratings of situation awareness.
H1: There will be a significant difference between feedback modalities as it
pertains to subjective ratings of situation awareness.
3. How does learning style affect performance when learners receive their preferred type
of feedback?
Ho: There is no significant difference between learners when they receive their
preferred feedback type, as it pertains to response time.
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H1: There will be a significant difference between learners when they receive their
preferred feedback type as it pertains to response time.

3. METHODOLOGY
The following methodology was utilized in an attempt to create a complex system test
bed where performance could be measured as response time to system failures and
feedback modalities could be delivered through a smart watch in real-time based on
performance.
3.1 Participants
Wright State University’s Institutional Review Board approved this study. Participants
were recruited from Wright State University, N=34. Participants were recruited by word
of mouth and email. All students were compensated 50 USD for completing the study.
3.2 Materials
Consent forms were obtained by all participants prior to the start of each experiment
followed by VARK Learning Styles Inventory to test individual learning styles. A
simulated version of the Multi Attribute Task Battery (MAT-B) was built for this study in
Visual Studio. MAT-B is a complex system that is designed to be consistent with the kind
of tasks aircraft crews complete as part of their standard operating procedures or SOP’s.
Tasks include tracking, system monitoring, resource management, and call signs and are
monitored simultaneously by users. MAT-B is designed to evaluate operator performance
and mental workload, (MAT-B II, 2018). It is important to note that this system is
commonly used on non-pilot populations to test mental workload according to the MAT-
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B official website, (MAT-B II, 2018). This system was ideal for our study. However, due
to constraints in the MAT-B system, a mocked-up version had to be created in Visual
Studio in order to meet the needs of our study which required integrations with the LG
smart watch on the Android platform and Active MQ software so that feedback
notifications could be sent in real time based on responses to system failures. Users
interacted with MAT-B on a desktop computer using keyboard buttons F1, F2, F3, F4,
F5, F6, F7, and F8 to correct system failures. Participants were required to sit at a desk
and interact with the interface while wearing a smart watch, the Samsung LG Sport 2, in
all trials. Active MQ, an open source messaging software was used to deliver feedback
through the watch in real time based on these performance measures related to correcting
system failures. Situation Awareness Rating Technique (SART) was used to measure
subjective ratings of SA after each trial. NASA-rTLX was used to measure subjective
ratings of MWL after each trial. System Usability Scale (SUS) was used to measure the
overall usability of the system and was only administered at completion of the study. A
second monitor adjacent to the test bed, was set up for experimenters to manipulate
conditions between trials in order to carry out the random assignment.
3.3 Design
This experiment was a within subjects design. Dependent variables included task
performance, specifically response time to system failures, situation awareness and
mental workload scores. The primary independent variable was feedback type which
included, visual, visual with auditory, visual with haptic, mixed which included visual,
auditory, and haptic feedback, or control which received no feedback through the watch.
Learning style was a secondary independent variable that was examined. Learning style
8

included 4 levels based on results of the VARK: visual, auditory, read/write, and
kinesthetic. To avoid learning effects, the order in which system failures were presented
in each scenario was randomized per participant using the traditional Latin Squares
method. In addition, the order of the 5 feedback conditions were randomized for each
participant.
3.4 Experimental Task
Participants were required to monitor a simulated version of the MAT-B user interface.
The simulated version included 3 areas for system monitoring including: Gauges, lights,
and pumps. During training, users were taught how to identify the desired state for each
system, how to identify a system failure, and how to correct system failures through
pressing the F1-F8 keys on the keyboard. Desired states can be seen below in Figure 1.
where lights are green to represent an on state, gauges which can be seen below lights
have tickers centered at 0, and pumps 7 and 8 on the right side have green liquid centered
between 2 red threshold lines. Examples of failure states for all 3 systems can be seen in
Figures 2., 3., and 4. below.
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Figure 1. Desired states for system monitoring F1-F8

Figure 2. Light failure in F6

Figure 3. Gauges failure in F1
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Figure 4. Pump failure in F7

System failures occurred every 10-12 seconds. Trials contained 9 system failures in total
over a 2-minute period. Feedback was designed to be delivered based on performance.
Feedback notifications were sent to the watch exactly 2 seconds after the onset of a
system failure, if no response from the participant was recorded. If participants responded
to a system failure before the 2 second mark, feedback would not be sent to the watch.
Visual feedback from the watch was presented in the watch interface as a white
background with black text for maximum contrast, as seen in Figure 5 below.

Figure 5. Watch Interface Design
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Notifications were designed to display F1, F2, F3, F4, F5, F6, F7, or F8, and this text
corresponded to the location of the system failure within the interface. Location
information was provided as F key indicators on the watch interface in order to reduce
interactions with the watch, and potentially keep the time it would take to interpret the
meaning of notifications to a minimum. Only one system failure was triggered at any
given time and only one notification was displayed on the watch at any given time. All
conditions with the exception of the control condition were paired with this visual
indicator of location for consistency. Auditory feedback consisted of the visual indicator
paired with a single tone. Due to constraints with the smart watch, the tone was played
through a blue tooth speaker directly in front of the participant and timing of the tone was
synced with delivery of the visual message. Haptic feedback was paired with the visual
indicator and consisted of a single vibration through the watch to the wrist. Participants
were required to have one hand on the keyboard and to keep the hand wearing the watch
free and in their peripheral vision. An example of the experimental set up can be seen in
Figure 6 below.

Figure 6. Experimental Set Up
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3.5 Procedure
After consent forms were obtained, participants were administered the VARK learning
styles inventory to test their learning style. Learning Style scores included a distribution
of scores among 4 categories, which included scores for Visual, Auditory, Read/Write,
and Kinesthetic categories. Participants were then instructed to put on a smart watch, the
Samsung LG Sport 2, which they would wear for the duration of the experiment.
Participants completed a 2-minute trial for each of the 5 feedback conditions. Conditions
included visual feedback, visual with auditory feedback, visual with haptic feedback,
visual, auditory, and haptic feedback as a mixed modal condition, and a control condition
that received no feedback from the watch. Training was approximately 5 minutes long.
During training participants were exposed to what the desired state and failure state
looked like for gauges, lights, and pumps. All three areas had to be monitored
simultaneously on the screen. All system components contained labels for which F key
would fix the failure and these were labeled directly on the user interface. If participants
fixed a system failure within 0-2 seconds, this was counted as a correction and did not
trigger feedback to be sent to the watch. If no response was received feedback was sent to
the watch at the 2-second mark. If the participant did not respond within 12 seconds after
the onset of the system failure, this was counted as a miss and the failure would time out
and return to its desired state. Only one system failure was triggered at a time during any
given trial. Latin Squares methods were used to randomize the order of conditions as well
as the order of system failures within the 3 systems in each condition. Participants
completed 5 two-minute trials. At the end of each 2-minute trial, participants completed
SART and NASA-tlx questionnaires. At the end of the experiment, all participants
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completed a SUS questionnaire for a total of 12 questionnaires per participant. The
testing duration was approximately 1 hour. Participants were compensated in the amount
of 50 USD.

4. RESULTS
4.1 VARK Scores
VARK scores were obtained by totaling the score for each category based on answers
that were encoded as either; Visual, Auditory, Read/Write, or Kinesthetic. Scores were
distributed across the 4 categories. The highest of the 4 scores was used to classify each
participant as Visual, Auditory, or Kinesthetic learners.
The distribution of VARK scores across the 4 learning style types can be seen below in
Figure 7.
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VARK Results
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VARK Learning Style

Figure 7. VARK Score Distribution
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4.2 Effect of Feedback Modality on Response Time
An ANOVA was performed (N=34) to examine the relationship between response time
and the 4 levels of the independent variable feedback, which included visual feedback,
visual paired with auditory feedback, visual paired with haptic feedback, and mixed
modal feedback which included visual, auditory and haptic feedback, as well as a
controlled condition which received no feedback. Response times received in less than 2
seconds, did not receive feedback notifications, and these data points were removed from
our sample. An analysis of variance showed that the effect of feedback modality on
response time was significant, F (4,154) = 7.67, p = .0001. Post hoc analyses using
Tukeys indicated that the average response time was significantly slower in the auditory
condition (M = 4.58, SD = 0.26) than in the other feedback conditions including haptic
(M= 3.28, SD=0.2), mixed modal (M=3.24, SD=0.24), visual (M = 3.20, SD = 0.25), and
control (M= 2.66, SD=0.25)
An ANOVA was performed for each group of learners to examine whether or not
response time was affected when preferred learning style matched the feedback modality.
Results of the VARK Learning Style Inventory (N=34) were as follows: visual learners
(n-1= 5), auditory learners (n-1=5), read/write learners (n= 5), kinesthetic learners (n-5 =
5) and mixed learners, (n-2=5). An analysis of variance showed that the effect of being a
visual learner was not significant relative to response times in any feedback condition, F
(4,20) = 1.23, p = 0.33. An analysis of variance showed that the effect of being an
auditory learner was not significant relative to response times in any feedback condition,
F (4,20) = 1.69, p = 0.19. An analysis of variance showed that the effect of being a read
write learner was not significant relative to response times in any feedback condition, F
15

(4,20) = 1.82, p = 0.17. An analysis of variance showed that being a kinesthetic learner
had a significant effect on response times between feedback conditions, F (4,20) = 5.11, p
= 0.0053. Post hoc analyses using Tukeys indicated that for kinesthetic learner’s,
response times in the auditory condition (M = 5.47, SD = 0.58) were not significantly
different than the haptic condition (M = 3.38, SD = 0.58) but were significantly different
than visual (M = 2.70, SD = 0.58), mixed (M = 2.49, SD = 0.58), and control conditions
(M = 2.19, SD = 0.58).
4.3 Feedback Notifications per Condition
The auditory fb condition received (M = 2.72, SD= .42) feedback notifications per trial,
the visual feedback condition received (M = 5.84, SD= .40) feedback notifications per
trial, the control group received (M =5.97, SD= .40) feedback notifications per trial, the
mixed modal feedback condition received (M = 6.09 SD=.39), and the haptic feedback
condition received an average of (M = 6.56, SD= .40) feedback notifications per trial. An
ANOVA was performed (N=34) to examine the relationship between number of feedback
notifications per trial and the feedback condition including visual, visual with auditory,
visual with haptic, mixed modal including visual auditory and haptic feedback, and a
control condition which received no feedback. An analysis of variance showed that the
effect of feedback modality on number of feedback notifications per trial was significant,
F (4,154) = 13.62, p = .0001. Post hoc analyses indicated that the auditory feedback
condition had significantly less notifications than the other feedback conditions with (M
= 2.72), mixed modal being (M=6.09), visual being (M = 5.84), control being (M= 5.97)
and where haptic was (M= 6.56).
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4.4 Feedback Notifications Over Time
Finally, the distribution of feedback notifications seen over the course of the 9 system
failures in each scenario were examined for each feedback condition. This included
visual, visual+ auditory, visual+ haptic, and mixed modal feedback. While the order of
system failures was randomized, all scenarios delivered system failures 1-9 every 10-12
seconds. Figures 8,9,10, and 11 below show the distribution of system errors over the
course of the 2-minute trial for all participants in the Visual, Haptic, Auditory, and Mixed
modal conditions, respectively.

Number of FB notifications

Visual Feedback Condition
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Figure 8. Visual Feedback Trials: Number of Feedback Notifications per System
Failure.
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Number of FB notifications

Haptic Feedback Condition
Number of feedback notifications per system failure
(N=34)
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Figure 9. Haptic Feedback Trials: Number of Feedback Notifications per System
Failure.
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Figure 10. Auditory Feedback Trials: Number of Feedback Notifications per System
Failure.
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Number of FB notifications

Mixed Modal Feedback Condition
Number of feedback notifications per system failure
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Figure 11. Mixed Modal Feedback Trials: Number of Feedback Notifications per
System Failure.

4.5 Situation Awareness Relative to Feedback Modality
SART scores were obtained by first summing questions pertaining to understanding, then
summing questions pertaining to demand, and finally summing questions pertaining to
supply. Final SART scores were obtained using the following formula: SA = U – (D – S).
Mean SART scores for each feedback condition were compared and were examined in
groups where preferred learning style matched feedback type. Results showed the mean
SA score for the visual with auditory feedback condition (M=24.38), visual with haptic
feedback condition (M=24.08), visual feedback condition (M=23.44), control condition
(M=23.33), and mixed modal feedback condition (M=22.15).
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4.6 Situation Awareness when Learning Style Matched Instructional Style
The mean SA score was slightly higher for read write learners in the visual feedback
condition with (M=22.6), where visual learners were (M=22.5), kinesthetic learners were
(M=22), and auditory learners were (M=19.2) in the visual condition. The mean SA score
for aural leaners in the auditory feedback condition was (M=22), where read write
learners were (M=23.6), visual learners were (M=22.7), and kinesthetic learners were
(M=20.1) in the auditory feedback condition. The mean SA score for kinesthetic learners
in the mixed modal feedback condition was (M=18.3), read write learners were (M=23),
visual learners were (M=18.83), and aural learners were (M=23) in the mixed modal
feedback condition. Finally, learners who tested as a two-letter combination VARK
score, also known as a mixed learner, was examined relative to the mixed modal
feedback condition, as all participants who tested as mixed learners happened to be some
variation combined with the kinesthetic learning style. The mean SA score for mixed
learners in the mixed modal feedback condition was (M=25.92). Mean SART scores for
each feedback condition can be seen below in Figure 12.
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Mean Score for Situation Awareness per
Feedback Condition
24.5

SART SCORE

24
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Figure 12. Mean SA scores per feedback condition.

4.7 Mental Workload Scores Relative to Feedback Modality
NASA-TLX raw scores were obtained by totaling the rating for each of the 6 questions.
Scores were out of 100 for each question for a total of 600 possible points. Mean NASArTLX scores for each feedback condition were compared and were examined in groups
where preferred learning style matched feedback type.
Results showed the mean NASA-rTLX scores for the visual paired with auditory
feedback condition was (M=128.88), visual with haptic feedback condition (M=130.89),
visual feedback condition (M=113.87), control condition (M=119.48), and mixed modal
feedback condition (M=154.28). Mean NASA-rTLX scores for each feedback condition
can be seen below in Figure 13.
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Figure 13. Mental workload for each Feedback Condition

4.8 Mental Workload when Learning Style Matched Instructional Style
The mean NASA-rTLX scores for read write learners in the visual feedback condition
with (M=85.4), where visual learners were (M=138, kinesthetic learners were (M=84.3),
and auditory learners were (M=180.8) in the visual condition. The mean NASA-rTLX
scores for aural leaners in the auditory feedback condition was (M=147.67), where read
write learners were (M=110.8), visual learners were (M=148.33), and kinesthetic learners
were (M=128.4) in the auditory feedback condition. The mean NASA-rTLX scores for
kinesthetic learners in the mixed modal feedback condition was (M=122.5), read write
learners were (M=101.6), visual learners were (M=170.5), and aural learners were
(M=139.83) in the mixed modal feedback condition. Finally, learners who tested as a
two-letter combination VARK score, also known as a mixed learner, was examined
relative to the mixed modal feedback condition, as all participants who tested as mixed
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learners happened to be some variation combined with the kinesthetic learning style. The
mean NASA-rTLX score for mixed learners in the mixed modal feedback condition was
(M=198.15).
4.9 System Usability
The System usability scale (SUS) consisted of 10 questions. Scores were calculated by
subtracting one from odd numbered scores, subtracting even numbered scores from 5,
summing all new scores, and multiplying the total by 2.5. SUS scores are reported as
percentiles. Scores above 68 are considered above average. Results for System Usability
Scale scores showed a mean score of 79.12 (M= 79.12, SD=9.39). The distribution
(N=34) of SUS scores can be seen below in Figure 6.

5. DISCUSSION
5.1 Response Times
When looking at the relationship between response time and the different feedback
modalities delivered through the watch, an ANOVA revealed that the effect of feedback
modality on response time was significant with a p value of .0001. However, post hoc
analyses indicated that it was the auditory condition that had significantly slower
response times on average at 4.58 seconds. While visual notifications delivered through
the watch were synced with the timing of auditory notifications coming out of the
speaker, it may have been noticeable enough to be distracting and potentially alter
response times. The same effect is not seen in the mixed modal feedback condition where
participants received auditory, haptic, and visual feedback. Controlled trials, where no
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feedback was delivered, had the fastest response times on average at 2.66 seconds. One
possible explanation for this may be that the act of simply attending to the watch is
enough to add seconds to one’s response time. Average response times for the haptic
feedback, mixed modal feedback, and visual feedback conditions were relatively similar
with mean scores of 3.28 seconds, 3.24 seconds, 3.20 seconds respectively.
5.2 VARK
When analyzing VARK score results, 7 out of 34 participants tested as mixed learners.
Mixed learners were identified when participants tied in any two learning style
categories. Interestingly, 6 out of 7 of these learners tested as a combination with the
kinesthetic learning style, with 1 testing as VA, 2 as VK, 2 as AK, and 2 as RK.

5.3 Number of Feedback Notifications Per Trial
Responses received in less than 2 seconds were removed from our sample, as these
responses did not require feedback, which would have been delivered at the 2 second
mark. The number of feedback notifications received per trial was examined across the
various feedback conditions. The auditory feedback condition contained the lowest
number of feedback notifications per trial on average (M = 2.72, SD= .42) with a p value
of .0001. The haptic feedback condition received the highest number of feedback
notifications per trial on average (M = 6.56, SD= .40).
When examining the distribution of feedback notifications over the 9 system failures
relative to the different feedback modality conditions, there were no noticeable trends or
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clustering as once suspected. This type of analysis was done in effort to see if
performance increased by the end of the trial however this relationship was not seen, and
all conditions had relatively even distributions of feedback over the two minute trial.
5.4 Situational Awareness
The auditory feedback condition had the highest mean score for SA at 24.38 while the
mixed modal feedback condition had the lowest mean score at 22.15. On overage
situation awareness was the lowest when participants were exposed to the mixed modal
feedback condition. The mean SA score was slightly higher for read write learners in the
visual feedback condition with (M=22.6), compared to other learning styles in the visual
condition such as visual learners (M=22.5), kinesthetic learners (M=22), and auditory
learners (M=19.2). Situational awareness was higher on average when read write learners
received their preferred method of instruction, which they received as written text in the
visual feedback condition. The remaining learning styles did not show this relationship.
Contrary to expectations, kinesthetic learners reported the lowest mean score for SA
when they received their preferred method of instruction in the mixed modal feedback
condition. One interesting finding was that the highest mean score for SA was reported
(M=25.92) when participants who tested as mixed learners received mixed modal
feedback. It is interesting to note that 6 out of 7 participants who tested as mixed learners
were a combination with kinesthetic which VARK identifies as a learning style who
prefers mixed modes of instructions.
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5.5 Mental Workload
Of the 5 feedback conditions, the visual feedback condition reported the lowest mean
NASA-rTLX score. On average, mental workload was the lowest when visual text was
presented on the watch with a mean score of 113.87 and highest when participants
received mixed modal feedback at 154.28. This means mental workload was the highest
and situation awareness was the lowest in the mixed modal feedback trials. Controlled
trials where no feedback was delivered scored similarly to the visual feedback condition
with a mean mental workload score of 119.48. This could be because the mixed modal
feedback overwhelmed sensory input channels where visual feedback and controlled
trials were less obtrusive and demanded less attentional resources.
5.6 Learning Styles
Finally, in terms of learning style, means scores for mental workload were relatively
lower when read write learners received their preferred method of instruction, through
written text in the visual feedback condition. Mean mental workload scores were higher
for aural learners when they received their preferred mode of instruction in the auditory
feedback condition. The highest reported mean score for mental workload was among
mixed learners when they received mixed modal feedback.
Being a kinesthetic learner had a significant effect on response times with a p value of
0.0053. Post hoc analyses indicated that for kinesthetic learner’s, response times in the
auditory feedback condition were significantly slower than visual feedback, mixed modal
feedback, and control conditions.
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5.7 Usability
Results for SUS scores showed a mean score of 79.12 (M= 79.12, SD=9.39). Overall,
system usability was rated high, as scores over the 68th percentile are considered above
average.

6. CONCLUSION
6.1 Conclusion
While system usability was rated high, the nature of the interactions with the wearable
device may have affected the results of this study. Overall, controlled trials that received
no feedback had the fastest mean response times. This could be due to the fact that the act
of physically attending to the watch took up too much time. Careful design considerations
should be made when designing interactions with wearable devices and should account
for this.
Auditory feedback had a significant impact on response times. However, response times
were actually significantly slower than other conditions. Interestingly, participants
received the least amount of feedback notifications in trials with auditory feedback.
Sample size and task difficulty may have also contributed to insignificant results. Future
studies could explore larger populations and layer system failures, as this may provide the
right level of complexity and be more representative of the real world.
In visual feedback trials participants reported the lowest mean scores for MWL of all
feedback types. This may suggest that visual feedback has the ability to decrease MWL
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or this may only mean that visual feedback was inherently less distracting relative to
other feedback types in this study.
Participants reported the highest mean scores for SA in trials where they received
auditory feedback. While response time performance did not align with subjective ratings
of situation awareness, this may suggest that participants perceived auditory feedback as
more favorable, and future studies should include questionnaires to capture subjective
ratings of feedback modalities and their perceived usefulness.
MWL was the highest and SA was the lowest in the mixed modal feedback trials. The
effect of the mixed modal feedback may have overwhelmed sensory input channels
which could have contributed to these results.
In terms of learning styles, read write learners on average showed both increased SA and
decreased MWL when they were presented with their preferred instructional style,
through written text in the visual condition. The same relationship was not seen for
kinesthetic learners in the mixed modal feedback trials or aural learners in the auditory
feedback trials as expected.
In conclusion, these results provide little evidence for learning styles or meshing theory.
This study was designed as a first step to begin to examine the design of training
programs for complex systems and how feedback can be optimized to improve operator
performance in such settings. Future studies should continue to iterate on and refine
design concepts and feedback interactions with smart watches like the one used in this
study so that design recommendations can be made for these specific types of human
computer interactions.
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8. APPENDIX
8.1 Consent Form page 1/3
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8.2 Consent Form page 2/3
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8.3 Consent Form page 3/3
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8.4 VARK Learning Style Inventory page 1/3
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8.5 VARK Learning Style Inventory page 2/3

8.6 VARK Learning Style Inventory Scoring page 3/3
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8.7 Situation Awareness Rating Technique (SART) page 1/2
Situation Awareness Rating Technique
Participant ID: _________________
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Trial #: ________________

Instability of Situation
How changeable is the situation? Is the situation highly unstable and likely to change
suddenly (high) or is it very stable and straightforward (low)?

Complexity of Situation
How complicated is the situation? Is it complex with many interrelated components
(high) or is it simple and straightforward (low)?

Variability of Situation
How many variables are changing within the situation? Are there a large number of
factors varying (high) or are there few variables changing (low)?

Arousal
How aroused are you in the situation? Are you alert and ready for activity (high) or do

you have a low degree of alertness (low)?

Concentration of Attention
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How much are you concentrating on the situation? Are you concentrating on many
aspects of the situation (high) or focused on only one (low)?

Division of attention
How much is your attention divided in the situation? Are you concentrating on many

aspects of the situation (high) or focused on only one (low)?

Situation Awareness Rating Technique (SART) page 2/2

Spare Mental Capacity
How much mental capacity of you have to spare in the situation? Do you have sufficient

capacity to attend to many variables (high) or nothing to spare at all (low)?

Information Quantity
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How much information have you gained about the situation? Have you received and

understood a great deal of knowledge (high) or very little (low)?
Familiarity with Situation
How familiar are you with the situation? Do you have a great deal of relevant experience
(high) or is it a new situation (low)?

Information Quality
How valuable is the information received form the situation? Is the quality of the
information very good (high) or is the quality very poor (low)?
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8.8 NASA-TLX page 1/1
NASA-TLX
Participant ID: _______________
Trial #: _______________
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8.9 System Usability Scale page 1/1

System Usability Scale
Control type:
Strongly
disagree
1. I think that I would like to
use this system frequently

Strongly
agree

1

2

3

4

5

1

2

3

4

5

1

2

3

4

5

1

2

3

4

5

1

2

3

4

5

1

2

3

4

5

1

2

3

4

5

1

2

3

4

5

1

2

3

4

5

1

2

3

4

5

2. I found the system unnecessarily
complex

3. I thought the system was easy
to use

4. I think that I would need the
support of a technical person to
be able to use this system

5. I found the various functions in
this system were well integrated

6. I thought there was too much
inconsistency in this system

7. I would imagine that most people
would learn to use this system
very quickly
8. I found the system very
cumbersome to use

9. I felt very confident using the
system

10. I needed to learn a lot of
things before I could get going
with this system
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